Spin-spin correlation functions < S(0)S(R) > as dependent on interatomic distance R are studied in a random-site two-dimensional Ising S = 1=2 J system, as dependent on temperature and magnetic eld.
Introduction
Spin glass (SG) become a new paradigm of theoretical physics as the simplest example of a complex system 1]. Great e ort has been done in theoretical, experimental and computational research 2], 3] to understand the properties of SG, which are believed to apply conceptually to other sciences. In particular, an Ising spin glass with nearest neighbour J interaction is convenient for computer simulations because of discrete character of its phase space. Essential ingredients of SG are frustration and disorder. The latter is usually modeled by a random variable, which can mean an atom at a given site (site disorder) or an interatomic bond (bond disorder) in the Ising Hamiltonian. As it was stated in 2], most authors concentrated on bond disordered systems such as substitutional alloys, where theory is much more advanced 4], 5]. However, the case of site disorder is known to be more general 6]. This case is also more physical at least in crystalline systems, where the character of a magnetic bond is determined by atoms, the distance between them being constant.
It was widely believed 2] that for two dimensional lattice, Ising SG phase is limited to T=0. However, recent computer simulations 7], 8], 9] have shown that this conjecture applies only to the case of bond disorder. Generally, a mixture of random and nonrandom bonds was found to enable SG at positive temperature 9]. It was recognized that the kind of disorder is relevant for the class of universality. Below we demonstrate that in site-disorder systems, disorder is moderated by correlations between neighboring bonds.
The aim of this work is to report our results on spin-spin correlation function in a site-disordered two-dimensional square lattice with nearest neighbour J interaction. In particular, we obtained oscillations of the correlation function with the distance between spins. Such oscillations are a direct consequence of the site disorder. We think that they could be found experimentally by means of neutron scattering.
Archetypal example of a two-dimensional Ising SG is Rb 2 Cu 1?x Co x F 4 with x = 0:218 11], which will be termed Rb..-SG here for brevity. This composition is believed to be almost ideal random bond SG, because the sign of Co-Cu interaction depends on the orientation of the orbital of Cu with respect to the direction of a Co-Cu bond. However, disorder of bonds in Rb2Cu1-xCoxF4 is di erent from the classical distribution of the J SG, for which each positive and negative coupling appears with equal probability, p(J) = p(?J) = 1=2. In subsequent sections our Monte Carlo calculations are described, and the results on magnetic susceptibility and the spin-spin correlation functions. For comparison, we also calculate the nearest neighbours and the next nearest neighbors correlation functions for a very small system of 4 4 atoms, averaging over all possible atomic con gurations with equal number of positive and negative bonds. Short discussion and nal conclusions close the paper.
Calculations and results
Two-dimensional square lattice 128 128 of atoms A and B with periodic boundary conditions is investigated. Each atom has spin S = 1=2. A sample, i.e. the distribution of atoms A and B on the lattice, is generated randomly, for given concentration and short range atomic order parameter. Magnetic bonds depend on kind of atoms, J AA = J > 0, J BB = J AB = ?J. Note that the condition J AA = ?J BB is a necessary condition for frustration in a square lattice with random sites. This is so, because the integral J AB is also an even number in each plaquette. To ensure the symmetric distribution of J's, the concentration , where interatomic spin-spin correlations are neglected. In this sense it is equivalent to the mean eld approximation (MFA).
In Fig. 3,4 we show the spin-spin correlation functions against magnetic eld h, which is found from the simulations. The values for h=0 are given in Table 1 .
As it was remarked in the Introduction, calculations of the spin-spin correlation function are performed also for a 4 4 lattice with periodic boundary conditions. The whole set of samples, i.e. 2 16 Table 1 . We believe that for larger interatomic distance, the spin-spin correlation functions obtained for the small system are not reliable. Still, a qualitative agreement of the results obtained by means of the two methods allows us to claim, that the nearest neighbor correlation is weaker, than the next-to-nearest one, as it is expected from the calculations on the 128 128 lattice.
In Fig. 5,6 we show the calculation of the speci c heat and magnetic susceptibility for our SG system 4 4, averaged over all 916 con gurations of exchange integrals.
Discussion
The results on the magnetic susceptibility (h) show that the contribution of the intersite spin-spin correlations at h = 0 is at least 40 percent of the total value. Oscillating character of the distance dependence of f(R) =< s(0)s(R) > means that the contributions to from particular shells are even larger, and they partially cancel. We note that for random bond systems, the square of the correlation function decreases monotoneously with R where R is the spin-spin distance on the lattice. For the case of random bonds, the exchange integrals at neighboring bonds are independent variables and this product vanishes, when averaged over symmetric distribution of bonds.
For the case of random sites, integrals J at neighboring bonds are not independent, because a pair of neighbors AA, BB cannot appear. Then, although the nearest neighbours correlations vanish, < s(0)s(1) >= 0, the next nearest neighbours correlations are always positive, < s(0)s(2) >= 4th 2 ( J) 1 .
Evaluations of the transition temperature indicate that k B T c =J < 0: 3 8] .
This means that our results refer to the paramagnetic phase. As we see in Fig.5 , the maximum of the speci c heat is well above the temperature where the phase transition is expected to appear. Concluding, oscillations of the spin-spin correlation function with the spinspin distance are found in Ising random-site systems. These oscillations are responsible for the fact that the correlations to the nearest neigbours are remarkably weaker, than those for next nearest neighbors. In two-dimensional systems, existence of the oscillations is coherent with recently discovered spin glass phase at nite temperatures, T > 0. In site-disordered systems, the correlations can be evaluated with the spatial average of the spin-spin correlation function, and not of its square, as it is necessary for bond-disordered systems. 
